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Description 

CANTILEVER AND STRADDLE X-RAY 

TUBE CONFIGURATIONS FOR A 
ROTATING ANODE WITH VACUUM 
TRANSITION CHAMBERS 

Background of Invention 

[0001] The present invention relates generally to computed to- 
mography (CT) imaging systems. More particularly, the 
present invention relates to a system for sealing and cool- 
ing a rotating anode and associated vacuum vessel. 

[0002] A CT imaging system typically includes a gantry that ro- 
tates at various speeds in order to create a 360° image. 
The gantry contains an x-ray source, such as an x-ray 
tube that generates x-rays by bombardment of an anode 
by a high energy electron beam from a cathode physically 
separated from the anode by a vacuum gap. The anode 
has a target that is coupled to a shaft, which rotates on a 
pair of anode bearings. X-rays are emitted from the target 



and are projected in the form of a fan-shaped beam, 
which is collimated to lie within an X-Y plane of a Carte- 
sian coordinate system, generally referred to as the "imag- 
ing plane". The x-ray beam passes through the object be- 
ing imaged, such as a patient. The beam, after being at- 
tenuated by the object, impinges upon an array of radia- 
tion detectors. Each detector element of the array pro- 
duces a separate electrical signal that is a measurement of 
the beam attenuation at the detector location. The attenu- 
ation measurements from all the detectors are acquired 
separately to produce a transmission profile for the gen- 
eration of an image. 
[0003] It is desirable to increase gantry rotating speeds and x- 
ray tube peak operating power such that faster imaging 
times and improved image quality can be provided. With 
increased gantry rotational speed comes increased load 
on the x-ray tube bearing. Although the use of bearing 
grease may allow for increased load on the bearing, since 
the bearing is inside the high voltage vacuum of the x-ray 
tube, grease or oil lubricated bearings cannot be utilized. 
Outgassing from the grease or oil leads to the degrada- 
tion of the high voltage vacuum. This degradation causes 
high voltage instability and improper operation of the x- 



ray tube and can render the x-ray tube inoperable. Also, 
the use of silver or lead as a lubrication on the bearings is 
no longer able to sustain the required loads for adequate 
x-ray tube life. 

[0004] Current tubes have an insert enclosed within a casing. The 
interior of the insert is under a high vacuum. An oil bath 
resides between the insert and the casing. The oil bath is 
utilized to cool the insert. Thermal energy radiates from a 
rotating anode within the insert, through the insert, and 
into the oil bath. The heated oil is cooled by circulation 
thereof through a heat exchanger. Thermal energy in the 
oil is transferred in the heat exchanger to ambient air, or, 
alternatively, a coolant, which circulates to and from an 
external chiller. This method of cooling the rotating anode 
in and of itself is also inadequate for increased gantry ro- 
tating speeds. 

[0005] One design that currently exists for improved bearing 
performance and increased bearing life as well as im- 
proved cooling includes the use of a rotating insert, often 
referred to as a "rotating frame tube". The rotating insert 
resides on a shaft that rotates on a set of fluid lubricated 
Journal bearings or ball bearings. The ball bearings are 
cooled by an oil bath surrounding the insert. A rotating 



anode is located within and is formed or coupled as part 
of the insert. The rotating anode is directly cooled via a 
coolant circulating within the anode. Although the design 
provides increased bearing performance and operating life 
and direct cooling of a rotating anode, the design has 
several associated disadvantages. 
[0006] jhe rotating frame tube design is limited in peak power 

and requires a large motor for rotation of the insert, which 
increases heat generation into a gantry and limits the x- 
ray tube thermal performance. The design also has a long 
electron beam path between the cathode and the target of 
the anode. The use of this long beam path can result in 
focal spot irregularities. These irregularities include a 
highly non-uniform intensity or unstable focus of the x- 
ray beam. The irregularities increase with an increase in 
target size and negatively affect image clarity and useful- 
ness. 

[0007] Thus, there exists a need for an improved x-ray tube hav- 
ing improved bearing performance and operating life and 
improved thermal performance without the above-stated 

disadvantages. 
Summary of Invention 

[0008] The present invention provides an imaging tube assembly 



for a diagnostic imaging system. Tlie imaging tube as- 
sembly includes an insert that has a vacuum chamber. An 
anode resides within the vacuum chamber and rotates on 
a shaft via one or more bearings. In one embodiment, a 
seal resides between the insert and the shaft. The seal 
prevents the passage of atmospheric gasses into the vac- 
uum chamber. In another embodiment, a pressure transi- 
tion chamber encases a portion of the seal and is coupled 
to the insert and the shaft. The pressure transition cham- 
ber has a middle pressure approximately in between an 
internal vacuum level pressure present in the vacuum 
chamber and atmospheric pressure. 

[0009] The embodiments of the present invention provide several 
advantages. One such advantage is the provision of a ro- 
tating anode internal to a stationary insert. Non-rotation 
of the insert allows for the usage of a motor with less out- 
put power. Lower output power allows for usage of a 
smaller and less costly motor that produces a smaller 
amount of heat. Usage of a smaller motor increases the 
available space within a CT system. 

[0010] Another advantage provided by an embodiment of the 
present invention is the provision of providing a rotating 
anode with minimal space between the anode and the 



cathode. The reduced anode/cathode spacing allows for 
improved focal spot control, which tends to provide 
smaller and better shaped focal spots. Improved focal 
spot size and shape provides improved image quality and 
visualization of small anatomy. 

[0011] Yet another advantage provided by an embodiment of the 
present invention, is the provision of directly cooling an 
insert with a coolant, such as water or glycol. This simpli- 
fies the CT system and eliminates the need for an oil bath 
and other related components. The elimination of an oil 
bath aids in satisfying environmental, health, and safety 
concerns normally attributed with an x-ray system. 

[0012] Still yet another advantage provided by an embodiment of 
the present invention, is the provision of using pressure 
transition chambers. The pressure transition chambers 
ease the transition in pressure between the vacuum 
chamber of an x-ray tube and external or room air, which 
increases the operating life of the x-ray tube and related 
components. 

[0013] Furthermore, the above-described advantages separately 
and in combination provide improved x-ray tube perfor- 
mance, reliability, and allow for decreased x-ray tube de- 
sign cycle times. 



[0014] jhe present invention itself, togetlier with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[0015] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 
scribed below by way of examples of the invention 
wherein: 

[0016] Figure 1 is a perspective view of a CT imaging system in- 
corporating an x-ray tube assembly in accordance with an 
embodiment of the present invention; 

[0017] Figure 2 is a schematic block diagrammatic view of the CT 
imaging system in accordance with an embodiment of the 
present invention; 

[0018] Figure 3 is a cross-sectional block diagrammatic and 
schematic view of an x-ray tube assembly in a straddle 
configuration and incorporating rotating vacuum seals a 
direct anode cooling system in accordance with an em- 
bodiment of the present invention; 

[0019] Figure 4 is a cross-sectional block diagrammatic and 
schematic view of an x-ray tube assembly in a straddle 



configuration and incorporating a vacuum pressure tran- 
sition system in accordance witli anotlier embodiment of 
the present invention; 
[0020] Figure 5 is a close-up cross-sectional view of a end por- 
tion of an x-ray tube insert and corresponding rotating 
shaft and anode in a cantilever configuration and in ac- 
cordance with another embodiment of the present inven- 
tion; 

[0021] Figure 6 is a close-up cross-sectional view of a cantilever 
end portion of an x-ray tube insert and corresponding ro- 
tating shaft and anode in accordance with still another 
embodiment of the present invention; and 

[0022] Figure 7 is a method of operating an x-ray tube in accor- 
dance with an embodiment of the present invention. 
Detailed Description 

[0023] In the following Figures the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to a system for 
sealing and cooling a rotating anode and associated vac- 
uum vessel, the present invention may be adapted and 
applied to various systems including computed tomogra- 
phy (CT) systems, x-ray systems. Mammography systems. 
Vascular systems, Surgical-C systems. Radiographic (RAD) 



systems, RAD and Fluoroscopy Systems, and mixed 
modalities, such as CT-positron emission tomography 
(PET) or CT-Nuclear. 

[0024] In the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0025] Referring now to Figures 1 and 2, perspective and 

schematic block diagrammatic views of a CT imaging sys- 
tem 10 incorporating an x-ray source or x-ray tube as- 
sembly 11 are shown in accordance with an embodiment 
of the present invention. The imaging system 10 includes 
a gantry 12 that has the x-ray tube assembly 11, and a 
detector array 16. The tube assembly 11 projects a beam 
of x-rays 18 towards the detector array 16. The tube as- 
sembly 11 and the detector array 16 rotate about an op- 
erably translatable table 20. The table 20 is translated 
along a z-axis between the tube assembly 11 and the de- 
tector array 16 to perform a helical scan. The beam 18 af- 
ter passing through the medical patient 22, within the pa- 
tient bore 24, is detected at the detector array 16. The 
detector array 16 upon receiving the beam 18 generates 
projection data that is used to create a CT image. 



[0026] The x-ray tube assembly 11 and the detector array 16 ro- 
tate about a center axis 26. The beam 18 is received by 
multiple detector elements 28. Each detector element 28 
generates an electrical signal that corresponds to the in- 
tensity of the impinging x-ray beam 18. As the beam 18 
passes through the patient 22 the beam 18 is attenuated. 
Rotation of the gantry 12 and the operation of x-ray tube 
assembly 11 are governed by a control mechanism 30. 
The control mechanism 30 includes an x-ray controller 32 
that provides power and timing signals to the x-ray tube 
assembly 11 and a gantry motor controller 34 that con- 
trols the rotational speed and position of the gantry 12. A 
data acquisition system (DAS) 36 samples the analog data, 
generated from the detector elements 28, and converts 
the analog data into digital signals for the subsequent 
processing thereof. An image reconstructor 38 receives 
the sampled and digitized x-ray data from the DAS 36 
and performs high-speed image reconstruction to gener- 
ate the CT image. A main controller or computer 40 stores 
the CT image in a mass storage device 42. 

[0027] The computer 40 also receives commands and scanning 
parameters from an operator via an operator console 44. 
A display 46 allows the operator to observe the recon- 



structed image and other data from the computer 40. The 
operator supplied commands and parameters are used by 
the computer 40 in operation of the control mechanism 
30. In addition, the computer 40 operates a table motor 
controller 48, which translates the table 20 to position the 
patient 22 in the gantry 12. 
[0028] Referring now to Figure 3, a cross-sectional block dia- 
grammatic and schematic view of an x-ray tube assembly 
50 in a straddle configuration and incorporating rotating 
vacuum seals 52 and a direct anode cooling system 54 in 
accordance with an embodiment of the present invention 
is shown. The x-ray tube assembly 50 includes a sus- 
pended cathode 56 and a rotating anode 58 that reside 
within an insert 60. The cathode 56 is suspended within 
the insert 60 on a cathode-suspending member 62. The 
cathode-suspending member 62 allows the cathode 56 to 
be positioned in close proximity with a target 64 of the 
anode 58 providing a short electron path E therebetween. 
The anode 58 is rigidly coupled on a shaft 66 that rotates 
on bearing sets 68 having bearing 70. The insert 60 is 
stationary. The anode 58 rotates relative to the insert 60. 
The shaft 66 is sealed with respect to the insert 60 via the 
rotating vacuum seals 52 that reside between the shaft 66 



and the insert 60. The rotating vacuum seals 52 allow the 
shaft 66 to rotate relative to the insert 60 while prevent- 
ing gasses 80, such as those that exist in atmospheric air 
and/or those that can evolve from grease of the bearings 
70 from passing into the vacuum chamber 72 of the insert 
60. A pump 74 is coupled via coolant lines 76 to the shaft 
66 and circulates coolant 78 through the shaft 66 and the 
anode 58 for direct cooling thereof. The insert 60 resides 
within a casing 79 and is surrounded by the gases 80. 
[0029] The anode 58 contains one or more cooling fluid channels 
81, which receive and allow passage of the cooling fluid 
78 to and from the anode 58. The channels 81 are cou- 
pled to the cooling fluid lines 76 via the shaft channels 
82. 

[0030] The insert 60 may be surrounded by coolant channel coil 
83, which may be coupled to the pump 74 and the coolant 
reservoir 84 via the cooling lines 76. The coolant channel 
coil 83 wraps around and resides on the insert 60. Of 
course, other various configurations of the coolant chan- 
nel coil 83 or the like may be envisioned by one skilled in 
the art. 

[0031] The bearing sets 68 are external to the insert 60. The 

bearing sets 68 may be sealed from the cooling fluid 78 



or may allow the cooling fluid 78 to pass through the 
bearings sets 68 for additional cooling thereof. The bear- 
ing sets may be coupled to and form a single unit with the 
seals 52 or may be separate from the seals 52 as shown. 
The bearing sets 68 may be of various types and styles. 
The bearings 70 may be greased or oil lubricated since 
they reside external to the insert 60 and may reside on a 
first external side 90 and a second external side 92 as 
shown. External mounting of the bearing sets 68 relative 
to the insert 60 allows for easier servicing of the bearing 
sets 68 and prevents oil leakage or outgassing therefrom 
into the vacuum chamber 72. Any number of bearing sets 
may be utilized. 

[0032] The rotating vacuum seals 52 provide a vacuum seal be- 
tween the vacuum chamber 72 and gasses at atmospheric 
pressure, such as gases 80. The rotating vacuum seals 52 
allow rotation of the shaft 66 relative to the insert 60 and 
prevents leakage of the cooling fluid 78 into the vacuum 
chamber 72. The rotating vacuum seals 52 may be in the 
form of a ferro-fluidic seal containing ferro-fluidic mate- 
rials, such as those produced by Ferrotec Corporation or 
Rigaku Corporation. The seals 52 may also be in the form 
of Callium fluid seals or other seals known in the art. In 



one embodiment of the present invention, tlie rotating 
vacuum seals 52 contain a ferrofluidic oil with iron parti- 
cles. The rotating vacuum seals 52 may also be of various 
types and styles. 

[0033] The pump 74 may pump cooling fluid 78 directly into the 
shaft 66, as shown. The pump 74 is coupled to a coolant 
reservoir 84, which may contain water, glycol, oil, or other 
cooling fluid known in the art. In one embodiment of the 
present invention, the cooling fluid 78 is directly circu- 
lated from the reservoir 84 and through the casing 79. 
The direct cooling of the casing 79 with a coolant, such as 
water or glycol instead of oil, eliminates the need for a 
heat exchanger and accompanying fluid circuitry and pro- 
vides increased cooling efficiency of the x-ray tube as- 
sembly 50. The coolant reservoir 84 may be in the form of 
a chiller or may be coupled to a chiller for cooling of the 
cooling fluid 78. When oil is utilized a heat exchanger (not 
shown) may reside and be fluidically coupled between the 
casing and the pump or reservoir. The heat exchanger 
transfers thermal energy in the oil to the coolant circulat- 
ing between the heat exchanger and the reservoir. 

[0034] Referring now to Figure 4, a cross-sectional block dia- 
grammatic and schematic view of an x-ray tube assembly 



100 in a straddle configuration and incorporating a vac- 
uum pressure transition system 102 in accordance witli an 
embodiment of tlie present invention is shown. The x-ray 
tube assembly 100 is similar to the x-ray tube assembly 
50 and includes a suspended cathode 56" and rotating 
anode 58" residing within an insert 60". The rotating an- 
ode 58" is coupled onto a rotating shaft 66". The rotating 
shaft 66" rotates on a pair of bearing sets 68". The shaft 
66" is sealed relative to the insert 60" via rotating vacuum 
seals 52". The transition system 102 is coupled to the in- 
sert 60" and the shaft 66" and allows for a transitional or 
double "step down"in vacuum pressure rather than a large 
single step down. The term "step down", in general, refers 
to a transition in pressure from a first area to a second 
area adjacent the first area. This double step down pro- 
vides an intermediary step down in vacuum pressure, 
which prevents leakage of gas inside the casing 80" 
through the rotating vacuum seals 52". Of course, addi- 
tional step downs in vacuum pressure may be provided as 
will become evident in view of the following description. 
[0035] The transition system 102 includes one or more middle 
vacuum chambers 104, vacuum sensors 106, vacuum 
pumps 108, and a controller 110. Vacuum pressures 



within tlie insert 60", middle cliambers 104, and tlie cas- 
ing 79" are monitored and adjusted such that a double 
step down in vacuum pressure exists between the vacuum 
chamber 72" and gasses 80" or the outer fluid 112 that is 
external to the casing 79". The outer fluid 112 may for 
example be room air. A first vacuum sensor 114 is cou- 
pled to the controller 110 and resides within the vacuum 
chamber 72". The first vacuum sensor 114 detects a first 
vacuum pressure or internal fluid pressure within the vac- 
uum chamber 72". One or more middle vacuum sensors 
116 are coupled to the controller 110 and reside within 
the middle chambers 104. The middle vacuum sensors 
116 detect vacuum pressures within the middle chambers 
104, respectively. A second vacuum sensor 118 may be 
used and may also be coupled to the controller 110 and 
reside within the casing 79". The third sensor 118 detects 
vacuum pressure within the gas 80". The third sensor 118 
may be used as a middle chamber vacuum sensor, as fur- 
ther described below. 
[0036] A first pump 120 is coupled to the insert 60" via first fluid 
lines 122 and pumps fluid, such as air, out of the insert 
60" to generate a vacuum therein. A second pump 124 is 
coupled to the middle chambers 104, via a second fluid 



line 126, and similarly pumps fluid, such as air out of the 
middle chambers 104. A third pump 128 may be coupled 
to the casing 79" via a third fluid line 130 and used to 
pump fluid, such as air, out of the casing 79". The second 
pump 124 and the third pump 128 may be small in size 
and have a low amount of output power relative to the 
first pump 120, since the vacuum pressures desired 
within the middle chambers 104 and possibly in the cool- 
ing fluid bath 80" are significantly higher or under a sig- 
nificantly lower vacuum than that in the vacuum chamber 
72". 

[0037] The double step down transition includes a first step 

down transition between the vacuum pressures within the 
insert 60" and the middle chambers 104. A second step 
down transition exists between the vacuum pressures 
within the middle chambers 104 and the internal casing 
area 132 between the insert 60" and the casing 79". A 
third step down may exist between the vacuum pressures 
within the internal casing area 132 and the outer area 
112. 

[0038] The middle chambers 104 may be referred to as pressure 
transition chambers and may be configured to be inside 
the insert 60" as is a first middle chamber 134 or outside 



the insert 60" as is a second middle cliamber 136. Tlie 
first middle chamber 134 is coupled to the shaft 66" on 
the cathode side 138 of the anode 58". The second middle 
chamber 136 is coupled to the shaft 66" on the non- 
cathode side 140 of the anode 58". In the present exam- 
ple embodiment, the middle chambers 104 are coupled 
onto an internal side 142 and an external side 144 of the 
insert 60", as shown. The middle chambers 104 may be of 
various types, styles, shapes, and sizes. 
[0039] In other sample embodiments, the casing 79" performs as 
a middle chamber or pressure transition chamber and the 
middle chambers 104 may or may not be utilized. When 
the casing 79" is utilized as a pressure transition chamber 
a double step down transition may include a first step 
down transition between the vacuum pressures within the 
insert 60" and the internal casing area 132, which in this 
stated embodiment may be considered a middle chamber. 
A second step down transition may exist between the vac- 
uum pressures within the internal casing area or middle 
chamber 132 and the outer area 112. The middle cham- 
bers 104 may be utilized to provide additional step down 
transitions in vacuum pressure between the vacuum 
chamber 72" and the outer fluid 112. 



[0040] jhe vacuum pressure of the middle fluid 146 within the 
middle chambers 104 is less, or in other words under a 
higher vacuum, than the vacuum pressure of an external 
fluid or fluid external to the middle chambers 104 and the 
insert 60", such as fluid in the internal casing area 132 
and the outer fluid 112. The vacuum pressure of the mid- 
dle fluid 146 is greater, or in other words under a lower 
vacuum, than an internal fluid 148 residing within the 
vacuum chamber 72". 

[0041] Each middle chamber 104 has an internal set of rotating 
vacuum seals 150 and an external set of rotating vacuum 
seals 152. The internal set of seals 150 provides a sealed 
barrier between the vacuum chamber 72" and the middle 
chambers 104. The external set of seals 152 provides a 
sealed barrier between the middle chambers 104 and the 
internal casing area 132, or when the internal casing area 
132 is utilized as a middle chamber, between the middle 
chambers 104 and the outer area 112. 

[0042] The controller 110 may not only control the operation of 
the vacuum pumps 108, but may also control operation of 
the coolant pump 74". The controller 110 may be micro- 
processor based such as a computer having a central pro- 
cessing unit, have memory (RAM and/or ROM), and have 



associated input and output buses. The controller 110 
may be in the form of an application-specific integrated 
circuit or may be formed of other logic devices known in 
the art. The controller 110 may be a portion of a central 
or main control unit. The controller 110 may be combined 
into a single controller or may be a stand-alone controller 
as shown. 

[0043] Referring now to Figure 5, a close-up cross-sectional view 
of a end portion 160 of an x-ray tube insert 162 and cor- 
responding rotating shaft 164 and anode 166 are shown 
in a cantilever configuration and in accordance with an- 
other embodiment of the present invention. The anode 
166 is coupled to an end 168 of the shaft 164. The shaft 
164 rotates on a bearing set 170 having bearings 171, 
which resides within the sidewall structure 172 of the in- 
sert 162. The sidewall structure 172 protrudes into the 
vacuum chamber 174 of the insert 162. A ferrofluidic seal 
176 resides between the bearing set 170 and the anode 
166. 

[0044] The sidewall structure 172 is inner cooled via coolant 

channels 180 reside therein. Cooling fluid 182 circulates 
through the coolant channels 180 and enters the sidewall 
structure on ends 184 and out the side 186 of the insert 



162. The coolant channels 180 extend around a perimeter 
188 of the sidewall structure 172 to provide efficient 
cooling thereof. Arrows 190 illustrate the circulation of 
the cooling fluid 182. 

[0045] Referring now to Figure 6, a close-up cross-sectional view 
of a cantilever end portion 160" of an x-ray tube insert 
162" and corresponding rotating shaft 164" and anode 
166" are shown in accordance with another embodiment 
of the present invention. The end portion 160" is similar 
to end portion 160 except that the anode 166" is also in- 
ner cooled. The shaft 164" has shaft coolant channels 192 
extending therethrough that are coupled to anode coolant 
channels 194. The cooling fluid 196 enters coolant chan- 
nel 198 circulates through coolant channels 194 and re- 
turns through coolant channels 199. 

[0046] Referring now to Figure 7, a method of operating an x-ray 
tube in accordance with an embodiment of the present in- 
vention is shown. Although Figure 5 is described with re- 
spect to the embodiments of Figure 4, it may be easily 
modified to apply to other embodiments of the present 
invention. 

[0047] In step 200, the anode 58" is rotated within the stationary 
insert 60" via the shaft 66" on one or more of the bearing 



sets 68", which are external to the insert 66". 

[0048] In step 202, the rotating vacuum seals 52" and/or middle 
chambers 104 prevent passage of atmospheric gasses 
and/or vapors outside the insert 78 into the vacuum 
chamber 72". The other vapors can include the volatile 
vapors outgases from grease lubricated bearings when 
heated as a consequence of rotation. The middle cham- 
bers 104 provide two or more step down pressure differ- 
ential transitions between the vacuum chamber 72" and 
the outer area 112. 

[0049] In step 204, the anode 58" is directly cooled by the cool- 
ing system 54" via a non-oil based coolant, such as water, 
glycol, or a combination thereof. 

[0050] In step 206, the vacuum sensors 106 within the insert 
60", the middle chambers 104, and the internal casing 
area 132 generate vacuum pressure signals indicative of 
vacuum pressures therein. 

[0051] In step 208, the controller 110 maintains the proper vac- 
uum pressure relationships between the internal fluid 
148, the middle fluids 146, and the external fluid, such as 
fluid in the internal casing area 132 and the outer fluid 
112. The controller 110 may activate the vacuum pumps 
108 to adjust the pressures within the vacuum chamber 



72", the middle chambers 104, and within the internal 
casing area 132 in response to the vacuum pressure sig- 
nals. The vacuum pumps 108 may be periodically, spo- 
radically, or continuously activated or operated to adjust 
the stated pressures in response to the vacuum pressure 
signals. The vacuum pumps 108 may be operated at reg- 
ularly scheduled intervals and when a gantry, such as 
gantry 12, is not rotating. 
[0052] The vacuum pressure within the vacuum chamber 72" may 
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be maintained approximately between 10 -10 Torr. 
The vacuum pressure with the middle chambers 104 in- 
cluding the internal casing area 132 may be held at a par- 
tial vacuum of between 0 and 1 times atmospheric pres- 
sure, depending upon the desired service life of the x-ray 
tube. The middle chambers 104 may have a lower pres- 
sure or be under a higher vacuum than that of the internal 
casing area 132. 
[0053] In step 210, the controller 110 generates an x-ray tube 

vacuum quality signal in response to the vacuum pressure 
signals. The vacuum quality signal informs a system oper- 
ator that the x-ray tube is in need of service and possible 
replacement. In step 212, the controller 110 or a system 
operator may perform a maintenance task in response to 



the x-ray tube vacuum quality signal. A maintenance task 
may include steps in preparing for the replacement of an 
x-ray tube, the replacement of the x-ray tube, or other 
steps or tasks known in the art regarding the mainte- 
nance, service, and replacement of an x-ray tube. 
[0054] In step 214, service contract pricing may be set or deter- 
mined in response to the x-ray tube vacuum quality sig- 
nal. 

[0055] The above-described steps are meant to be illustrative 

examples; the steps may be performed sequentially, syn- 
chronously, simultaneously, or in a different order de- 
pending upon the application. 

[0056] The present invention provides x-ray tube assemblies 
with increased cooling efficiency and increased service 
life. The x-ray tube assemblies allow for increased gantry 
rotating speeds and the satisfaction of increased CT tube 
peak power requirements. The increase in gantry rotating 
speeds and x-ray tube peak operating power provides 
quicker imaging times and improved image quality. 

[0057] While the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 



vention, numerous modifications may be made to tlie 
metliods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



